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ABSTRACT 


Marine safety 1S a major responsibility of the 
MiMescamouates CoOasc Glard. in carrying out this task, 
the Coast Guard conducts periodic inspections of 
existing merchant vessels anid supervises construction 
of new vessels. To support and help premote marine 
safety, a Vessel Inspection Information System (VITS) 
has been proposed. The system would be used £0 
capture design information, inspection data, and other 
Pole vVantcemllwoema LON s se Stole 2: ih a centralized data 
base; and make the information available to Coast 
iaei een e se edsenecded Through the use of interactive 
computer terminals. The purpose or this thesis is to 
present the results of a computer orogram which 
provides cost estimates of the communications networks 
age VIES and provides 31 JO! 2NG) aywalesmaropel On network 


PeELOEMance. 





ieee 


mrt. 


PASE sor CONTENTS 


me Aer OTD) Gee Ni aceen es 2. oo Meme temetiet es so ee. 


A. PeeweoinweOr U. (Sethe Rc HANTAAART Mi eaSAPFETY...... 
PPC ORRoN) MEmerAN TET MARNE SAFERY FUNCTIONS OF 
ee OUN 5 6 eG UCAC ican bcmicmeMemcMs cis see's 60° << «0s 0 ee «a0 @ <0 
Wesco ri INSP PCO Net ORT EEON SYSTEM... . 2. 2 6 ae 
Jae DS ER UNE ED Srecnesoteromens Pe onendst suede 66 9 oes ogre) ea en arena eens 
ema nnn a A) Caen teen Ave) eos see es ek cect ss a rer ecte ue. 6 
Cree Ree Ieee eo Om PONS 2 a5 6 a ees Sotetaisieheteasi eases sede fe tere 
PPS AS eClIMer oY StS. c.. 5 cece 6615.4 asa saree 
2 ROME ESB icy) Cg eres: gives ele ee Tateieiw ce. 6. Sie ie enese-ocer sive 
3 leet ee LB) 5S lle eral's) ei ox 6) oy'elverse iw veneers o: a 
eames sy ele ees VSS Ns) ce so) an See ee ea ee ae eee 
5 Wee aime Om 1S 1 VS CST sca ee a4 os a eiterereleteienae Sees 
Se Oooo see CEP TCATPONS... .-. poet epemane deureliesserce 
[PIC ONMUNtGations Lines. .... ee ee oe ee 
PEG OMmuniGa t2 Os Hardware. 5... 204460 5 ¢ : 
CRM OG CNNS gue are enn ete clue ss“ sigh hi hata es Meee ee eee 
DeoGen: Siang DeViceS.....<sse+s seems 
e Mieomnae 1p tal—up Devices... .. <0: : 
(eeeveeemNCeoss ATEAGNTSMeNTS. .... ss 006 ae 
ME NUMRECS GOES) 61.6 55 oe wus 0 4 ew es 6) 00 Sees see 
Ge reeeore mnt Na ) DOVILECES so 4. 2csce s 3 shel anete vee 
CCU ee MeOismumewOoRt wo COST AND PERFORMANCE . o25.- 
Blea ny Ook te ete ee teraynerte tena ics veer eee 4 ED pare Os Obi aa - 
Ens GasredeOlsUbl ys Gi 5 oh 4 6a omens , 
Saori Os ween ORK SENSITIVITY ANALYSIS..... ‘ 
Ae CAC SES Os SS i a Ae ee Se cee 
eo hechas eds BGUTDPMENL.. 6s... aes « Se ne 
Lo i SBCs Ete te iblal chitosan a aaa arr a 
B IP 18, Ce (O) RU 12, NCS es re ee ace ree 


43 





ie OG SONS sce ss sce cul se se ss 6s io) ge oacerier Siete cele + eee oe, 


eerie eS wm S ONS WORK oe 6 coe a ec eos we eo ee eines eases ear Oe 
Appendix B: Vata TLONS SOs ONG=EEiNs COSTS WITH CHANGES 
Ae tee 10) ere miietty is Meee eC 1S eerie te tates ciiele Ses ccs 6c s 0 «6 a 6% oe ter ehenane 58 


Appendix C: VAR IPR TEONS Oc Sa BCuRRENG COSTS WITH CHANGES 

Piet Ouro ZSERVECE CHARGES, PURCHASED EQUEPMENT.... 59 
Appendix D: VARIATIONS OF RECURRING COSTS WITH CHANGES 

Peer eweNna/SERVICHE CHARGES, LSASED BOULPMENT....... 60 
pe emer VIS PROGRAM FLOWCHART.2...0...000scceeccee ss 61 
Pai iiememr cr VIS, PROGRAM MRS TENG . 2c. c6 <0 sce wade wee ee 82 
Pemdaeec:  VILS SAMPLE ENPUT DATA......<0..cec0ccee2ss 96 


meena tH: VIES SAMPLE-OUTPUT DATA... . 2000 VPRO th  etslis) 
ee meee PGC BS oe sete sels eee en< sis) 6 e's = srtel6 Nee Ore ec oe A, pees 
eee eS Oh SUE ONO Sire s6 cee ocean so a eee bois ses 6 os 6 es 107 
feo t OF FIGURES..... BURR e aie cu se sie Melle ie 6 Serene 60s SRA AA aS Sica . 





fist OR; EEGURES 


Ppeeedeercace: V5. COSE and Connect HoOurS.s.6.c.s seen ss. 


Computer Access Time VS. Cost and Connect Hours.. 


Niwoeewor Characters fyped VS. Cost and Connect 


meme an Networx VS. Standard Deviation of Frame 


So BE go BE es A a 


Time in Network VS. Standard Deviation of Number 


Giemey DcWemnNnmee ma bACTCES. .. 0.5 se oe ee sy ereienente eee 
Time in Network VS. Number of Typed-in Characters... 


Momeman Networx tor Half and Full Duplex Lines...... 


45 


48 


49 





iP e oN PRODUCTION 


Merchant Marine Safety is one of the primary missions of 
mie URited States Coast Guard. fhe merchant marine safety 
function was developed in the Coast Guard in 1942 when it 
was transferred from the former Bureau of Marine Inspection 
and Navigaticn of the Department of Commerce {1]. This 
thesis traces the development of the “Yerchant Marine Safety 
Function in the Coast Guard, describes a proposed Vessel 
frspecticn Information System for improving the Coast 
Sueacd'’S EGfriciency in this fieid, and provides a model for 


evaluating costs and performance of the proposed systen. 


A. eohen OR mUneet sD STATES HERCHANT MARINE SAFETY 


Some events of historical significance which contributed to 


the development of merchant marine safety follow. 


oO? Robert Fulton's development of the steamboat 
CLERMONT was followed by the use of numerous river 


Seeampoats [ i, 2}. 


1819 The SAVANNAH became the first American steamboat to 


@eoss the Atlantic Ocean [1]. 


1824 Due to increasing numbers of Jlives lost nya 
Secamboat boiler explosions, Congress directed the Secretary 
of the Treasury to conduct investigations to determine their 


Gauses [{ 2]. 





1838 The for Se actual EeGognilelen One federal 
responsibility in the marine safety field was contained in 
Congressional legislation looking to better security of the 
lives of passengers embarked on steam-propelled vessels. 
Certificated inspections of hulls and boilers were required, 
as well as an adequate number of experienced engineers and 
provision of lifeboats, signal lights, and firefighting 


equipment [{1, 2}. 


1852 The Steamboat Inspection Service was formed in the 
Treasury Department as part of the "Steamboat Act". This 
act required that inspectors be paid fixed salaries from the 
Treasury Department in lieu of the fees they had previously 
received from the vessel owners and masters. The act also 
Beov~ded for the licensing of all engineers and pilots of 
passenger-carrying steam vessels and required permits for 


carrying certain dangerous or inflammable cargoes [2]. 


baz % Administration of inspection laws was reorganized 
under the office of "Supervising Inspector General" by an 
act of Congress. The act also required all steam vessels 
except public and foreign vessels to be inspected and their 
masters, chief mates, engineers, and pilots to be licensed. 
A Significant aspect of the act was that it was directed 
toward the promotion of safety of all persons, passengers 


and crew, on board steam vessels [1]. 


1897 PMNS mCeGeqnizede that the internal-combustion 
engine had become a major means of large vessel propulsion. 
Inspection laws were extended t0 cover all mechanically 
propelled vessels of more than 15 tons carrying vasseingers 


Bm@oeeEreight for hire [ 2}. 


203 The Department of Commerce and Labor vas formed. 


The Steamboat Inspection Service and all duties, powers, 





Mie nOLELTY and jurisdiction related to shipping were 
transferred from the Secretary of the Treasury to the new 


Secretary of Commerce and Labor [1]. 


1904 Inspection laws were strengthened and the authority 
of inspectors was markedly increased after the GENERAL 
BeOGUM fire Which took 955 lives. TRemwPEeCSUCnSi Dality “for 
the tragedy was placed largely upon the officers ci tne 
Steamboat Inspection Service for failing to carry out their 
duties [2]. 


1910 The "Motorboat Act" extended inspection laws to 
boats under 65 feet in length propelled by machinery. 
Safety regulations relating to equipment were established. 
The "Wireless-Ship Act" required certain ocean steam2rs to 
be equipped with operators and apparatus EOE radio 


communications before leavine any United States port [1, 2]. 


1 Saye The Department of Labor was organized. Those 
functions related to merchant marine safety remained with 


the Department of Commerce [1]. 


no 15 The “Seaman's act" granted local inspectors the 
Emenekrity tO issue certificates to able seamen and 
lifebpoatmen after examination. fie, DECVided FOr sence 


Supervision of payment of seamen's wages and included 
provisions as to required lifesaving equipment for the 


meEew { 2]. 


hos 2 Noeooeemor one "Economy Act™ during the depression, 
the Bureau of Navigation and the teamboat Inspection 
Service were merged into the Bureau of Navigation and 


secamboac Inspection [1, 2]. 


1934 EroemnonnO CASTLE disaster resulted in the death of 
134 perscns. The MORRO CASTLE waS constructed, equipped, 
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and fitted to meet all requirements of the Bureau of 
Navigation and Steamboat Inspection in effect at that time. 
A Congressional investigation revealed many weaknesses in 
the laws concerning maritime safety. Because of demands 
from the press, the public, and members of Congress itself, 
Congress took action and passed two important acts relating 
to maritime safety. The first act changed the name of the 
bureau to the Bureau of Marine Inspection and Navigation 
(BMIN), recognizing the fact that with new types of power 
available, "steamboat" was no longer appropriate. Te 
provided for the establishment of Marine Casualty Inspection 
Boards whese jurisdiction covered all marine casualties, not 
Aust those involving licensed personnel. Pin diya = 
provided for thea establishment of a technical division and 
required that all plans and design specifications for United 
States passenger vessels of 100 gross tons and over, 
propelled by machinery, must be approved by the Director of 
BMIN witn the advice of this technical staff. The second 
meme Known aS the "Merchant Marine Act of 1936" provided for 
Miesitications, €Xaminations, and issuance of certificates 
of service to unlicensed personnel, and the issuance of 


continuous discharge books to all seagoing rersonnel [2]. 


1940 The "Motorboat Act of 1940" was the first federal 
metempt to regulate the operation of motorboats from the 
safety standpoint. This act required a minimum of safety 
. equipment to be aboard, such as proper navigational lights, 
meg Signal devices, fire extinguishers, and life preservers. 
mot d not, however, provide for an inspection of the boat 
itself for safety nor did it establish standards for 


epetators [ 2}. 


1942 Picmeaincr=Ons es Of ene BMIN related, directly or 
indirectly, to safety at sea were transferred to the Jnited 
meertces CCcast Guard by Executive Order. Thus the Coast Guard 


became the sole tederal agency charged with the 





responsibility for safety at sea. A Merchant Marine Council 
was estaklished to study and recommend to the Commandant of 
the Coast Guard steps to improve the efficiency and welfare 
of American merchant seamen and to determine the 
effectiveness OF safety equipment nig) use aboard 
emaps [ 1, 2]. 


S56 Inspection laws were extended to cover 
passenger-carrying vessels of not more than 65 feet in 
length and under 100 gross tons, carrying more than six 


passengers [1]. 


1959 Several old inspection laws containing detailed 
requirements on lifesaving equipment, firefighting and other 
safety equipment were repealed and authorization was granted 
to the Commandant of the Coast Guard to promulgate 
regulations covering these items thereby making it possible 


memad just to changing technology [1]. 


ie? 7 In the past decade and a half, significant 
additions in maritime safety laws and regulations have 
Securred, pertaining to special vessel classes, due to 
changing technologies and ship designs. These include but 
are not limited to nuclear powered ships, containerized 
cargo vessels, super tankers, and liguefied natural gas 
(LNG) CLranscorts now under construction. After several 
Major disasters in the 1976-1977 winter season involving 
mereigqn tankers, foreign tank vessels are now required to 


Paes 0. S. inspections prior to entering a U.S. port. 
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B. Stree een eh ant MARINE SAFETY FUNCTIONS OF THE COAST 
GUARD 


The Coast Guard is charged with the responsibility of 
the inspection and regulation of vessels and equipment for 
the protection of passengers, crew, and cargo. They must 
Carry out periodic inspections of merchant vessels and 
em@Eorce regulations pertaining to lifesaving, firefighting, 
and other safety equipment in determining the seaworthin2ss 
Semeerhe yessel prior to issuing a certificate of inspection. 
Meecetler il this obligation, factory inspections of certain 
ecuipment and materials for uSe in nerchant vessels are 
iecewemavigational rules are developed and enforced; Federal 
regulations regarding vessel numbering are developed and 
enforced as well as the review of state motorboat regulation 
systems; and penalty procedures for violations of navigation 


and inspection laws are administered {1, 2, 3]. 


The Coast Guard 1s responsible for the regulation of 


marine personnel; which includes examining, licensing, and 


mercifying them. They also prescribe vessel manning 
requirements for safe navigation; supervise shipment and 
discharge of merchant seamen; maintain merchant marine 


personnel records; and administer the security program as it 


jmewates tc merchant seamen {1, 2}. 


In the engineering and technical fields, the Coast Guard 
peproves olans and specifications for construction and 
alteraticn of merchant vessels; classifies vessels; conducts 
Stability tests; and examines and tests equipment and 
devices submitted for approval or for determination of 
Suitability. They also review vessel load-line certificates 


and enforce load-line regulations; and develop regulations 
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in the areas of naval architecture, marine, chenical, and 
electrical engineering, firefighting and other safety 


mumect Lons { 1}. 


The Coast Guard investigates and reviews Marine 
casualties and acts of incompetency or misconduct; licenses 
or certificates may be revoked or suspended as appropriate. 
They are also responsible for presenting these cases before 


the proper authorities as required [1]. 


Continuous liaison iS maintained with maritime industr 
through the Merchant Marine Council. Maritime industry and 
other interested parties are kept informed of proposed 
regulations or changes to regulations through rublre 
hearings. Liaison is also maintained with the internaticnal 
Maritime bodies through the International Co-ordinating 
Bratt. They are responsible for presenting the position of 
the United States Beg ae dua In ternational Maritime 


issues {1}. 


Somesceron Of data, ftormulation of reports, and 
transmission of information pertaining to the duties and 
responsibilities listed above involves a significant 2mount 
of manpower and effort on the part of the Coast Guard. 
Problems exist in several areas, and particularly those 
erated to transmission of information. The Coast Guard has 
an obligation to schedule vessel inspections, whenever 
possible, to coincide with a vessel's operating 
schedule [1]. Requiring a vessel to remain in port for 
routine inspections costs the ship's owners thousands of 
dollars per day; it is nost desirable to hold inspections 
mee che vessel would normally be in port. In fulfilling 
this obligation +o vessel owners and masters, preblems 
develop in that today's higher speed vessels can travel 
Meeween ports faster than their inspecticn records. An 


example cf this problem is a ship travelling from its 
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homeport of Los Angeles to San Francisco, and requesting an 
[aspect ion While in San Francisco, will probably arrive, 
have the inspection while cargo is being loaded Or 
off-load2d, and depart before its inspection records have 
arrived from Los Angeles. The San Francisco inspector is at 
a disadvantage in conducting’ his inspection since he does 
not have a list of previous discrepancies or problem areas 
that were observed during past inspections and required 
correction by the owners or master. The San Francisco 
inspector can get some information from the homeport over 


the phone, but the information is generally incomplete. 


Transmission of information on merchant seamen is also a 
problem since they change vessels frequently and it takes 
time for the information to be updated. By the time files 


are updated, a seaman could have moved to another vessel. 


To assist the Coast Guard in the merchant marine 
function, a Vessel Inspection Information System was 
Suggested to provide real-time access to and updating of 
data at major ports throughout the United States. The 
system was to be used primarily in relation to the Coast 
Guard's merchant Marine inspect. On LUNG eLOns with 
Capabilities for expansion to include law enforcement and 


Poeelutlon investigation functions [4, 5]. 
Battelle Columbus Laboratories was contracted by tne 


Ceast Guard to develop a Vessel Inspection Infornation 


Systen. 


jhe 





== oe oe oo =~ ae Sew ee oe 


The Vessel Inspection Information System (VIIS), as 
proposed, is a large-scale, comprehensive, computer-based 
informaticn system to be utilized by Coast Guard personnel 
involved with the administration and execution of the Coast 
Guard's Merchant Vessel Safety Programs {4}. The systen 
designs of VIIS are based on user needs as determined by 


interviews of potential users, and on availability of funds. 


Mee VOR NEEDS 


VEILS Sremeamwepemmused aS a tool for the capture, 
transmission, manipulation, and reedback Or relevant 
information to support improvements in the vessel safety and 
inspecticn programs. VIIS must be able to maintain a 
comprehensive historical safety data base on each inspected 
vessel along with SugtiTe lene SLJUe GaginWelge sLroyal on system 
Meeabilities to be useful in supporting the inspection 
function. The information about a vessei (its inspection 
requirements, safety requirements, and past inspection 
performance) must be readily available to Coast Guard 
MmeObeccors. Additionally, through the manipulation of data, 
Mies Should be capable of monitoring the status of a vesse2l 
with respect we, eee Je) 6 ake: inspections, outstanding 
reguirements, special examination requirements; provide 
administrative support in communicating with vessel owners 
With respect to the above requirements and with Coast Guard 
Headquarter meen = seSpec] tO required reports (periodic 


inspection letters and reports automatically prepared); and 
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provide management support in estimating future Inspection 
requirements/workload implications for short-term planning 


and resource allocation [5]. 


meee ESRFORMANCE CRITERIA 


VIIS must be able to provide real-time "access to" and 
“updating of" vessel files. This requirement is readily 
apparent in cases of major marine casualties, disasters, and 
Polbution incidents. Routine file maintenance and initial 
entry into the system will be accomplished with batch 
Beocessing [5]. Even batch processing will provide a 
Significant decrease in file updating time compared with 


today's paperwork system. 


See aL CTE RNATE SOLUTIONS 


There were numerous options available in developing the 
VIIS system. The final proposals include five variations in 
the system. The differences are based on different funding 
levels and the Coast Guard's ability to extend services into 


the areas indicated. 


1. Baseline System 


The Baseline System was conservatively designed yet 
Will be responsive to most user needs identified above. [It 
is capable of capturing and recalling inspection historiss, 
automatic safety and Inspection status monitoring, 
Outstanding requirements tracking, class defects detection, 


Sea ecOMmmMuUniCcation of information among ports [4]. 
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This system interfaces with Coast Guard inspection 
units only. The Baseline System would provide for coverage 
of the inspected fleet. This limitation requires that 
vessel information obtained through means other than the 
inspection 1€ Woe aL ola (casualty investigations, vessel 
characteristic updates, pollution incidents, etc.) must be 
transmitted to an inspection or a headquarters function to 


be entered into the system [4]. 


This network, as its name impvlies, is a "base 
system" upon which the following, larger systems could be 
built. In this regard, the Baseline System could be used as 


a test system to determine actual cost and performance data 
mo@ecompare this information with the predicted data prior 


to expanding to one of the larger systems. 


This is an extension of the Baseline System to 
include the ainvestigation and documentation FuUNcETons. 
Coverage would include all inspected and documented vessels, 


and foreign vessels involved in casualties [4]. 


Bee All Merchant Marine + Law Enforcement Systen 


— Sh) oeee oo cee eee cee — oa Soe ee =. =a = == = a oe 


~ 


The All Merchant Marine System evolves into this 
system Ey including the Coast Guard's law enforcement 


MmetiOns; ©.9., boarding and violation information [4]. 


4. Full Systen 


(aaa nenacdalt ion Of the Coast Guard's Fnvironmental 


Pretection Office as an on-line user, the Full System is 


ie 





developed. Coverage is extended to include pot lucivon 
incidents, and the investigation, reporting and analysis 
activities associated with them. The Full System provides 
coverage in virtually all areas of the Coast Guard's 


Merchant Vessel Safety Programs (4]. 


The Ocean Ports Svstem incorporates the same basic 
functions as the Baseline System but it is reduced in scope 
BOoepLrovide coverage for large ocean-going vessels only; 
terminals are located at those ports where ocean-golag 


vessels are inspected [4]. 


Pee SQULEMENT AND SPECIFICATIONS 


les Gonmunecat lon tins 


—_— ee ee ee eee i ae ee 


The communications network will be one of the 
mol lowing: (a) a network comprised On dedicated 
communications lines (General Services Administration (GSA) 
moed), dedicated tines Shared with other Coast Guard 
activities (existing GSA leased), Federal Telecommunications 
System(?TS) lines and Direct Distance Dial(DDD) lines for 
low volume and non-CONtinental United States(CONUS) BOrts; 
(bd) a network made up of all FTS lines used on a 
non-dedicated basis; (c) utilization of a network previded 


by a commercial time-sharing computer company [{4, 5]. 


wg 





2, Communications Hardware 


The communications hardware at each location 1S a function 
of the system being used and the type of lines availabls; 
e.g., New York. It is assigned a teleprinter in the Ocean 


Ports System, but CRT's in all other systems. 


a. Modems 


Modems are used to link the processing units and 
the terminals which are basically digital in nature with an 
emalog telecommunications network [4, 6, 7, 8). Several 
types of modems are used depending on the hardware at each 
terminal lcecation. Asynchronous modems are used at ports 
using teleprinters while synchronous nodems are utilized at 


Pores having CRT's and/or high speed orinters. 


Asynchronous modems will be used to interface 
Slecw-speed teleprinters to the telephone network [41]. These 
modems allcw the transmission of one character at a time as 
they ar¢ keyed at the terminal. The most common 
asynchronous modems available transmit at speeds up to 3900 
bits per seccnd (approximately 30 characters per second if 
[eang an 38 bit ASCII code plus start and stop bits for each 
Character). Asynchronous modems connected directly to a 
vOoice-grade telephone line use the entire bandwidth of the 
line, thereby eliminating the possibility of multiplexing 
Seronals [4, 6, 7]. 


Synchronous modems will be used to interface CRT 
terminals and high-speed printers to the communications 
Moework [4%]. This type of modem allows information +o he 
transmitted as blocks or strings of characters between 


buffered devices. As the transmission rate is not governed 
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Byeeche typing rate at the terminal and start and stop bits 
are not required for each character, higher transmission 
rates are obtained [4, 6, 7}. 2400 bit per second modems 
(300 characters ver s2cond) will be used at CRT/Printer 
mecat ions. In areas where VIIS lines are multiplexed into 
existing Coast Guard dedicated lines, 4800, 7200, or 9600 
bit per second modems are used depending on anticipated 
meattfic loads [4]. | 


b. Modem Sharing Devices 


Modem Sharing Devices (MSD) are used in 
conjunction with a modem to allow several terminals in the 
Same vicinity to share a common moden {4}. In ports having 
a large volume of transactions and several terminals, MSD's 
Ramil ceduce the cost that would be incurred if each terminal 


mad 1tS cwn rodem. 


c. Alternate Dial-up Devices 


Alternate Dial-up Devices(ADD) are introduced 
into the system to provide a backup capability for accessing 
Mets Vila the FTS or DDD network in the event that service on 


me Primary dedicated link is disrupted {4]. 


d. Data Access Arrangements 


Tata Access Arrangements (DAA) are inserted 
between user provided modems and the common carrier's 
network allegedly to prevent the network from being damaged 
by the alien equipment {4}. DAwEGewaee NOt Eequired for 
Common carrier furnished modems or some user provided mnodems 


mmeen meet required specifications. 
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é. Multiplexors 


Multiplexors are used to consolidate several 
low-speed channels into a single line for long-distance 
transmissions. Multiplexors can Significantly reduce 
communication line costs by decrézasing the number of lines 


meqiired (4, 6, 9}. 


Frequency Division Multiplexors(FDM) partition 
the voice grade communication link, having a bandwidth of 
2700 cycles, into several sub-bands capable of supporting 
150 bps or 300 bps transmission. In those locations where 
FDM's ar2 used, modems are net required as the FDM performs 
that function. A disadvantage of FDM's is that only six 300 
bps terminals can be multiplexed for a voice grade line. 
This problem can be reduced by splitting 300 bps channels 
into two 150 bps channels or by having more than one 
terminal share a channel and operat? in a contention 
mere 4, 6, 9}. FDM's will be used where low transaction 
volume offices are spread over a large geographical area and 


can be linked with a single lins. 


Time Division Multiplexors (TDM) divide the voice 
grade channel into time slots, and each terminal is assigned 
to a given time slot. Pe wwdavrston. “Niro lexrng 1S 
basically a digital process; therefore, modems are required 
iO interface the La With the communications 
memework {4, 6, 8, 9]. TDM's will be used to multiplex both 
synchronous and asynchronous channels into a single 


synchronous channel for Long-distance transmission. 
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fee cl pekerminal Devices 


Six types of user terminal devices are utilized 
for communications with the host computer. The terminal 
devices lccated at each office depend upon the system being 


Meed and the volume of transactions at that location. 


CRT Keyboard Displays with minimal capabilities 
of keyboard input and video display output will be required. 
The keyboard must include a full set of 64 upper-case ASCII 
characters, including a message control subset. The video 
display should have a minimum of 24 lines of 80 characters 
each. The CRT must be a buffered device capable of storing 
at least 1920 characters, should normally operate at a rate 
Oe 2400 bps, and should have an editing Feature for 


character insertion, deletion and typeover [4]. 


Frinters will be used in those orfices with 
CRT's and hich transaction volumes. Printers will be used 
memecapture hardcopy outout of information on the CRT video 
display that is necessary for permanent retention [ 4]. EOE 
those ports employing more than one CRT, a lesser number of 
printers might be required as not all information needs to 
be in hard-copy form. Printers should have a mininum of 04 
Memper—-case ASCII characters, print at a rate of 150-300 
Bara ctersS per second, print six lines per inch, and have 
80-132 characters per line. Where transaction volume does 
memes Wattant the use of a high-speed printer, slow-speed (30 
Characters per second) printers will be used. Slow-speed 
printers are used whenever possible due to their cost 


advantage. 


Teleprinters are used for certain system 


configurations and in offices with low traffic volumes. 
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These devices will be used to communicate with the host 
computer asynchronously at 150 or 300 bps in ASCII code. 
These devices should be used primarily for data retrieval; 
data entry is feasible but inefficient due to the slower 
Speeds and screen formats. Where teleprinters are used in 
Sonjyunction with dedicated lines, teleprinters with 
integrated acoustic couplers will be used. The integrated 
acoustic coupler provides for alternate dial-up capabilities 
over the FITS or DDD networks in the event of disrupted 


Service on the dedicated line {4}. 


Auxilliary Cassette Units will be used to vermit 
"off-line" data entry operations in those networks using FTS 
or DDD lines (networks involving connect time charges) until 
sufficient data has been accumulated fOr continuous 


transmission to the host computer [4]. 
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III. COMMUNICATIONS NETWORK; COST A 
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The cost of setting uD and maintaining the 
Soumunications network for VIIS is a Significant part cof the 
Eeesctems total cost as is typical with any computer 
communications network. The Coast Guard required realistic 
cost estimates of the network prior to proceeding with any 
miplementation options. The Coast Guard, as well as ever 
other federal agency, is required to set minimun déesired 
performance levels as well as keeping costs below 
established ktudget ceilings. Estimated cost and performance 
data become very important in deciding whether it is the 
mnt System at the right price and whether to proceed with 


mmeescrap tne project. 


To assist the Coast Guard in their decision-making 
process in regards to VIIS, a computer program was written 
tO provide cost and performance estimates. The program is 
General and can provide cost and performance information for 
many computer communications networks with little or no 
modification required. The program was specifically writtan 
for use in a CP/CMS interactive mode, but the fortran 


Peegram is also functional ina batch mode. 


TO provide cost and performance data, the program 
requires for eéach node in the network, the node name, the 
Mame of the predecessor node, the type of communication line 
between them, the line number, the distance between the two 
nodes or telephone company "V" and "H"* coordinates for 
determining the distance, the expected number of characters 
transmitted to and from the node each month, and a codified 


list of communications equipment at the node. Where two or 
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more types of communications lines intersect at a node, 
individual data records are required for each line. Also 
required as inputs are the number of types of equipment 
available and the costs associated with each. The number of 
types of lines and their costs, whether it be by the hour or 
by the mile, are required. Finally, the number of 
characters per transaction broken down into the mean number 
of typed-in characters and the number of characters per 
frame, their standard deviations, the mean typing speed of 
the terminal user, estimated central processing unit (CP) 
queueing and access times, and whether the lines wiil be 
operated in a fuli-duplex or half-duplex mode are required. 
(Frame 1s the name given to the display formats to be used 


in the system.) 


The program uses the above inputs to determine the 
number cf cach type of equipment required for the network, 
the one-time and recurring eguipment costs for each node, 
mae COSt of the communications line which links the node to 
~ne system, and the total number of connect hcurs for each 
nede. The program also determines the eguipment costs and 
communication line costs for each line in the network and 
for the network as a whole. Where distances were not 
included as input, the program computes the distances 
between nodes and provides a sum of the total number of the 
distances between nodes and provides the total number of 
miles of leased/dedicated lines and leased/shared lines. 
Also included as output is the total number of connect hours 
per month, a list of the independent lines in the network 
with the total number of characters per month on the line, 
the line number, the mean service time per transaction on 
Miemline, the mean number of transactions arriving for 
Pemevics each second, the overall utilization of the lin:2, 
Mem, che fraction of time that the line is actually in use, 
the mean number of transactions waiting for service, the 


mean number of transactions in the network being served or 





waiting to be served, the mean waiting time for service, and 
the total time in the system, being served and waiting to be 


served. 


The program uses the following assumptions in arriving 
at the above output: if the distance is an input, the 
program assumes that it is correct and does not compute a 
distance fcr comparison; the program assumes that distances 
for FTS lines are not required and therefore not determined; 
that all cCRT's operate at a data rate of 2400 bits per 
secend and all teleprinters operate at a 300 bit per second 
rate; that the mean number of: connect hours for each 
terminal is a function of the number of transactions per 
month, the mean number of characters per transaction, the 
mean typing rate of the user, the mean number of character 
typed-in per transaction, the data rate, the idle time of 
the user at the terminal, and the CPU} access and gqGueueing 
times. The program assumes that the cost of any one pisce 
of equipment or communication line is associated with one 
terminal only, i.e., the cost of any equipment which is 
Shared between two or more terminals is assigned in whole to 
mem OL those terminals; whenever an FTS night circuit is 
used, it 1s assumed that all transactions are over the night 
Smreuit, tO circumvent this, two data records can be used 
for one terminal, one containing the number of characters to 
be meanemitred OVE the night circuit and the other 
containing the numker of characters transmitted over the 
Mmeemal FTS circuit. The program assumes that the total 
femeniy CLecurring cost is the sum of the monthly line costs, 
equipment lease costs, and estimated equipment maintenance 
costs; the total one-time cost is the sum of the #?quipmant 


purchase costs and Snipping/installation charges. 
For performance calculations, th2 program assumes that 


all transactions are of equal priority, transaction arrivals 


are Poisson, the number of characters per frame and number 
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of characters typed-in per transaction are independent 
variables, that nec more than two terminals operat2 in 
contention over any given channel, and that terminals in 
contention are assigned such that the terminal with the 
largest traffic volume is in contention with the terminal 
having the smallest traffic volume for a more uniformly 
distributed workload. The program assumes that the typed-in 
characters and characters per frame are independent to 
provide a first approximation to performance. When actual 
data is available and the relationship between these values 
imemactermined, 21t Can be incorporated into the program. ‘For 
all VIIS networks, no more than two terminals operate in 
contention; the progran can be easily modified to 
accommodate other arrangements. The program also assumes 
that the service time for CRT terminais on leased lines is a 
function of the number of characters and data rate only, 
that the service time for all teleprinters is equivalént to 
the connect time; and that all terminals on any one line 
have the same operating hours, 1.¢., time zone differences 
are not considered. The program uses standard queueing 
equations for determining utilization, wait times, s2rvice 
times, etc. A more detailed description of what the program 


accomplishes and how it operates follows. 


me COST 


The cest of the VIIS communications network is dependent 


Meew Several factors. fhe costs are of two types: one-time 
expenditures which include the purchase price of any 
equipment bought plus shipping/installation charges; 


Memering costs which include monthly charges for leased 
equipment, anticipated monthly maintenance charges, and 


monthly charges for the communications lines. 


28 





Estimated network costs are determined with the program 


in the manner described below. 


1. For each node in the network, the following data is 


required as input: 


a. The designation of the node in four character 


alphanumeric code (NO). 


Jo The designation of the predecessor node in the 


network in four character alphanumeric code (NOA). 


om Tem cyDe. O: CONMUNICation line being used 
between two nodes aS a one character numeric code Ch ee Oe 
example, GSA-leased/dedicated lines are code4 iz 


GSA-leased/shared lines are coded 2. 


ad. The line numbers in two character numeric code 
(LINENO) are then entered. MiyewiIherwiOr mrs »GivVided 2nto 
several independent groups of terminals with the only common 
link being the central processing unit. These sub-networks 
are basically arranged by geographical areas to minimize the 
number or miles of leased lines required. The northeastern 
portion cf the United States is on line number 10 and the 
west coast is line number 60. The second digit is used if 


mre main line is further divided into smaller networks. 


e. For those major cities where more than one 
office requires access to VIIS, an additional four character 
alphanumeric code is optional (LDESIG). This provides the 
Memo ity Of Gistinguishing the District Cffice functions, 
Mietdin cL the Port functions, and Marine Inspection 


mmmet1Ons from each other. 


£. Where slow speed teleprinters are operated i 


n 
contention, a one character alphanumeric code provides the 
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vehicle by which the progran identifies and combines 


contention terminals (CONTEN). 


g. The distance in miles between the last node and 
mpe. location under consideration iS an optional input 
fest). x distances are not provided, telephone company 
Sr and "BH" coordinates should be used as inputs (¥), (KH). 
Neither distances nor coordinates are required for FTS 
lines; charges associated with these lines are a function of 


connect times only. 


ee The estimated traffic volume in thousands of 
characters per month is required. This figure is the sum of 
both the characters to be transmitted to the CPU as well as 
those received at the terminal. In this program, the value 


read in is in thousands of characters per month (CHARMC). 


i. The egquipment at each location is read in as a 


String of two character numeric codes (NEQUDIP). 


2. For those nodes where distances were not provided, 
the program will calculate the distance using tha "V" and 


ma 6COOLKdinates [ 6 }. 


Z 2 
DIST=(((VA-VB) +(HA-HB) )/10) 


Mosal distances are also provided for ali GSA-leased 


medicated and shared lines. 


Be Ac thiS point in the program, a selection is made to 
determine ccsts of the system based on purchased or leased 
equipment by use of a three character numeric code (M). ee 
the program iS being run in an interactive mode, thz2 user 
wees be queried for this input. 


4, The program reads in the number of types of 
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equipment being used, then reads in the proper set of cost 
data for each equipment type based upon the selection of 
purchased or leased equipment. The cost data includes the 


one-time and monthly recurring costs. 


5. The program then determines the one-time (ECOST) 
and recurring (ECOSTM) equipment costs at each node, the 
meral One-time (TGO@ST) and recurring (TCOSTH) equipment 
costs, the total number of each type of equipment in use 
(NEQUIP) , and the number of CRT's, teleprinters, and data 


access arrangements at each location. 


Seen eS GhIS POMhe in the program, 1f Lf@ an interactive 
mode, the user is queried for the mean number of characters 
per frame (XLAM), its standard deviation (XSIG), the mean 
number of characters to be typed in per transaction (YLAM#), 
its standard deviation (YSIG), the estimated typing rate of 
the user in characters per second (ZLAM), and the working 
hours per month (WKHRS). He is also queried for the 
estimated CPU turnaround times which include queueing time 
at the CFU, memory cycle times, and disc access times 
(WLAM). Since the C2U and other computer hardware 
components have not as yet been specified, only gross 
estimates fcr memory cycle, disc access and queueing times 
are available. The idle time at the terminal can also be 


maeluded in the WLAM value. 


7. The number of line types are read in and the costs 
[meectated with cach type. The costs for leased lines are 
mmmcollars per mile; the costs for FITS lines are in dcliars 


Beeeconnect hour. 
8. Using the information determined in (5) pertaining 


Memeecne use of CRT's or teleprinters at a particular 


M@eaciOn, connect hours per month are calculated (LUSE). 
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Where CRT's are in use, the connect time determined by the 


program is 
LUSE= (100 0*CHARMO/ ( (XLAM+YLAM) *3600) ) 
* (( (XLAM+YLAM) /300) + (YLAM/ZLAM) + (WLAM) ) 
and for teléprinters, connect time is 
LUSE= (100 0*CHARMO/ ( (XLAM+YLAM) *3600) ) 
* (((XLAM+YLAM) /30.) + (YLAM/ZLAM) + (WLAM) ) 


meeal connect hours is also provided (LUSETO). Ses weak 
CRT's in VIIS are associated with high sveed synchronous 
transmission and teleprinters with low speed asynchronous 
transmission, the above equations hold. In adapting this 
program to another system where all terminals of the same 
type do not necessarily have the same transmission sceeds, 
different equipment numbers could be assigned to allow for 


the different speeds. 


Pee wich ene Connect hours determined in (8) FOmas Shs 
lines or the distances between nodes determined in (2) for 
leased lines and the costs associated with each line type 
from (7), the monthly charges for communications lines are 
determined (COSLI). fon = “costs and equipment costs 
(one-time and recurring) are used to find the total costs 
associated with each of the indevendent sub-networks of 
Heased lines, as well as the FYS and DDD network costs. 
Line costs are also combined with the previously determined 
ere = Monthly recurring costs (TCOSTM) to provide a final 


Mmenal Of recurring costs. 


pa tic mewenc mer oui tne Ludes a listing of the total 
humbers of each type of equipment, a breakdown of costs by 
line numbers and individual nodes, and total costs. These 
cost breakdowns allow tne user the opportunity of reviewing 


all network costs and determining at which locations costs 
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feyeebe Giscproportionately high or low for their particular 
traffic loads. It also gives him an estimate of how much he 
can save by deleting a terminal site or how much more it 
mir. cost to install additional terminals in the network. 
Since the user has the opportunity to vary several 
Met@ameters, particularly those which affect the connect 
hours, he has the ability to develop a range of costs 


associated with the network. 


Pee PERFORMANCE 


Communications network performance is based largely on 
the number of characters transmitted and the transmission 
rate. For asynchronous transmission, performances is 
dependent upcen total connect times since the entire channel 
mamawedth 1S being utilized. For synchronous transmission, 
performance is dependent upon the amount of time that there 
are actually characters being transmitted. Much of the 
informaticn required to determine performance was also used 
to determine costs. The equations tivae Ol LO- for 
determining performance are from standard queueing theory 


models in use today. 


ae Vite lesen Step in dStermining performance is the 
separaticn cf terminals by line types and line numbers. For 
mmose locations having CRT's, the FTS lines, and the DDD 
lines, the characters per month for all terminals on that 
line are summed to provide the total traffic vclume in 
thousands or characters for the line (CHAR). In the case of 
teleprinters which have been frequency division multiplexed, 
Sach terminal has its own channel and the total traffic in 
the channel is limited to that or the one terminal, except 
Where terminals operate in contention. When aa the 


contention mode, two terminals share one channel and the 
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traffic vclume for the channel is the sum of the individual 
meatric loads. When more than one channel of a line is 
being utilized in a contention mode, the program pairs the 
Meecations with the highest and lowest traffic loads, next 
highest and next lowest, etc., to achieve a more uniform 


werkload distribution for the channels. 


2. The next step is to determine the mean service time 
Bese transaction (TS). POE teleprinters and FITS or DDD 
CRT's, the service time bandwidth is used while connected. 
For CRT's on dedicated lines, separate service times are 
determined for the typed-in information and the information 


received frem the CPU. 
TS=XLAM/300. for data received from the CPU. 


TS=1uANZS00e ror typed-in data. 


3. The averag= number of transaction arrivals ober 
second (EN) ais determined using the total number of 
@maracters oon the line, the number of characters per 
Peanisaction, and the number One working hceurs over 
flemcoh {6, 10]. 

EN=((1000.*CHAR) / ((XLAA+YLAM) *WKHRS*3600.)) 

Peele “Utell t ton (RHO) ts the percent of time that 
the communication line is actually in use. It is determined 


memene product of the mean Service time per transaction and 


Mmemnumdoer Of arrivals per second [6, 10}. 
RaO=TS*EN 


Zweoethe | RUNDer Gl tEadNSaCt1OnNs waiting for service in 


memo vystem (EW) 1s a function of the utilization, the 





expected arrivals per second, and the standard deviation of 


the characters per frame and typed-in characters [6, 10]. 


Ze 2 
EW= ((EN*SIGMA) +RHO ) /(2* (1-RHO)) 


6. The number of transactions in the system (50Q), 
Waiting for service or being served, is the sum of those 


Waiting for service and the utilization [6, 10]. 
FO=EW+RHO 


7. The expected waiting time for service (ETN) is the 
quotient of the number of items waiting for service and the 


Seepected arrival rate [6, 10}. 
ETW=EW/EN 


oe The expected time an item Spends aLigt the 
communications network (ETQ), waiting for service and being 
served, is the sum of the expected service times and 


Eaeected Waiting times [6, 10}. 
BELOS2IN+t TS 


Sha The performance data output is of great vaiue in 
determining line usage and possible problem areas, such as 
over-utilization which degrades response times to the point 
where additional lines nay be required. Since the size of 
the data base transaction frames and the number of 
characters to be typed in has not been well defined, the 
Seearity of the user to input various frame sizes and 
typed-in character values as well as their Standard 
deviations, provides the user the opportunity of reviewing 
network utilization under a wide range of operating 
eemaitions. The general nature of the performances s¢ection 
eeene program aliows the user to get information on 
utilization from the best conditions where service times are 
constant to the worst case where they are exponentially 


Sees tributedc. POmM teleprinters, the ability to vary typing 
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speed and the CPU turnaround times also provides the user 
the opportunity to check performance of the system under 
various operating conditions. The performance data does 
have the following drawback, it does not account for time 
zone/working hours differences between terminal locations. 
For leased lines and DDD lines, this is not significant 
Since all terminals are in the same geographical areas; for 
FTS lines however, terminals are spread from the east coast 
of the United States to Guam and performance can actually be 


Significantly better than that determined by the progran. 
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IV. COMMUNICATIONS NETHORK SENSITIVITY ANALYST 


The sensitivity analyses that follow are based on the 
Baseline Network using mixed terminal tvpes. Comparisons 
are made against the original cost and performance estimates 
provided in the report on VIIS nade to the Coast Guard. The 


following parameters were used for the original estmates: 


A typing rate of 3.0 characters per second, assuming 


only qualified clerical staff operated the terminals. 


An average of 2200 characters per transaction. 


There were no mileage charges associated with the 
GSA-leased/shared lines. The total cost for these lines 


would be born by present users of these lines. 


Due to the very high connect time charges on the 
Bmo-nonCCNUS lines, 566.00 per connect nour; data 
transmission is pursued after business hours, whenever 
Messi ble, to take advantage of the FITS night circuit rates, 


zo, 00 per month independent of connect hours. 


A response time of 5 seconds or less is desired on all 


ieres utilizing CRT's. 


wae COST 


mmerces: Of the COMmmunications network is derived fron 


two sources, equipment costs and line costs. Line costs can 





further ke divided into mileage charges for leased lines and 
eemneect time Chatges for FITS lines, Variations of cost with 


respect to equipment and connect times are discussed telow. 


In the baseline network Uti eezong purchased 
equipment, the one-time COStSmpartre  Onlyaartected’ by 
manufacturers! price changes and shipping/installation prices 
changes. Appendix A lists several equipment types and 
illustrates the resultant effect on the total one-time costs 
with changes in equipment costs. The original estimate was 
feig 7, 300. 


Chances Miche wcoOSt wor Ehe teleprinters, with 
built-in couplers have the greatest impact on the total 
eie-caime costs, 2.4% change in total costs for a 10.0% 
@iemae 1 unit cost of the telesrinter. The total cost is 
relatively insensitive to price changes of individual types 
of equipment unless the change is a major price increas? or 
decrease. The prices of several tyves of equipment 
increasing simultaneously could have an adverse combined 


Seeect On the total costs. 


Premio neniymreccurring costs are affected by the /fFTs 
connect hours, leased line mileage charges, maintenance 
emaegdes, and common carrier service charges for conditioning 
and tera@inations. Aopend ix  B  preovid2s a list of several 
mems Contributing to the monthly recurring costs and and 
the impact price changes for those items would have on the 


Meee recurring costs. 


Mee lowe2S Fredujred te Share the cost of the GS& 
leased/shared lin2s, the recurring costs could change ty as 
Maen as 8 &. The details of the shared line arrangement 
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have not been worked out and the share of the costs that 


VIIS will have to bear have yet to be determined. 


The monthly recurring costs are affected for the 
most part by changes in line costs for which there is little 
or no control, and the FTS connect hours. The connect hours 
are a function of the number of transactions per month, the 
typing rate of the user, the access and queueing times of 
the host computer, and the number of characters ina 
meansaction. Figures 1. thru 3. Show the relationship 
between access times, typing rates, the number of characters 


Peeeead, ccnnect hours, and cost. 


FTS connect charges can be reduced by using the FTS 
Prgae Circuit for all transactions that do not require 
real-time responses, use of CRT's instead of teleprintears 
(this particularly applies to non-CONUS terminals where a 
reduction in connect time of one hour will cover the rental 
cost of a higher speed modem required for the CRT), reducing 
the number of tranSactions entered from these terminals, or 
reviewing the requirements for each type of transaction and 
reducing the number of characters ver transaction whenever 


possible. 


2. Leased Equipment 


— ae ee ee oe oe ne =e Re = 


The discussion in the last section applies here as 
well except that the recurring costs are substantially 
Mmeener, and the impact of a price change for a particular 
piece of equipment or line results in a smaller percentage 


Change in the total recurring costs. See Appendix C. 
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Figure 1 - TYPING RATE VS. COST AND CONNECT HOURS 
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Figure 3 - NUMSER OF CHARACTERS TYPED VS. COST AND CONNECT 
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bee = PERFORMANCE 


There is no distinction between the purchased or leased 
equipment networks as far as performance is concerned. 
Performance is dependent upon tne transmission rates of the 
lines and equipment, and the typing speed of the user and 
computer access times where asynchronous transmission is 
used. Another important aspect of performance which is 
often neglected is the variation in the number of characters 
fem cransaction. These variations can significantly alter 
the waiting times for service and the total time in the 
system from the values obtained by using only mean 


characters per transaction in performance calculations. 


In reviewing performance in the baseline network, two 
independent lines were considered. One line involves two 
Perepranter terminals operated in contention. The total 
number of characters transmitted ver month is 3441 thousand 
and they operate asynchronously with a data transmission 
Meme OoLr 30 Characters per second. The other line incluies 
four CRT terminals with synchronous data transmission cf 300 
Mmeeacters per second and a total of 42322 thousand 


Gharacters per nonth. 


A mean frame siz2 of 1900 characters, approximately one 


mum CRT screen or data, and a mean of 300 characters of 


typed-in data were selected as Scat tong points POL 
performance evaluation. This gives the suggested mean 
number of characters per transaction of 2200. Figures 4 and 


59 show the effect of the variance of the frame size and 
humber of typed-in characters respectively, on Syston 
performance in terms of the expected time in the network per 


transaction. 


4 3 





Since the asynchronous terminals operate at a low data 
rate and occupy the full channel bandwidth, which means that 
any time the terminal is connected the network is in use, 
the expected time in the network starts out high and 
increases gradually as the standard deviation increases. If 
the number of characters ‘transmitted over this line was 
increased, the expected time in tne network would increase 
at an increasing rate, i.e., performance deteriorates at an 
increasing rate. The bulk of the time in the natwork with 
these terminals is due to the typing rate and low data rate. 
Reducing the number of transactions per month will not 
affect performance to a high degree, but will flatten out 


the curve slightly when the standard deviation is increased. 


The same applies to the number of characters per 
mearisaction. The greatest decrease in time in the network 
without changing equipment can be achieved through a 


decrease in the number of characters typed in. See Figure 
6. The most effective way of reducing time in the nétwork 
and improving performance is by using CRT's, synchronous 
high speed transmission, etc.; however, the additional 
costs involved may not be justified because of the low 


mums t of transactions. 


The performance of the line using cCRTI's is at the 
desired response time level for transactions having zero 
Standard deviation, constant frame sizes and number of 
typed-in characters, and remains virtually constant over the 
Tange of standard deviation considered. On this line, total 
utilization is under 25 per cent and is the major factor 
responsible for the insensitivity of the line's performance 
memevartations in transaction Size. If in actual use, the 
number ue transactions was significantly higher than 
expected and caused network degradation, the data rate of 
the Line and terminals could be increased or the 
transactions split between two or more lines to improve 


performance. 
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Figure 6 shows the relationship of the two lines with 
the number of characters typed in, still assuming 2200 total 
characters per transaction. The performance of the CRT's 
remains relatively constant, as expected, for each of the 
Standard deviations considered, since the typing rate is not 
a PrctOberin Network performance utilizing synchronous 


Mmeansmission over dedicated lines. 


The performance of the asynchronous terminals 
deteriorates with an increase in the number of typed-in 
characters because performance is dependent upon typing 
rate. Performance can be improved somewhat by arranging 
transactions to have as few typed in characters as possible 
Seeeey <~yYPing transactions off-line onto auxilliary tape 
units and then transmit them over the lines at 30 characters 


per second. 


Figure 7 shows the time in the network using half dupl=x 
emcmertulil duplex lines. Due to the relatively low 
utilizaticn of the line, the_time in the network for the 
half-duplex line is oniy slightly higher than that of the 
Bmer-cduoliex) line for all cases considered. The actual 
performance of the half-duplex line 1s actually somewhat 
pocrer than that indicated since the time reguired to switch 
the line from the send to receive mode has not been 


mmc luded. 
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A Vessel Inspection Information Syste, PEOverly 
designed, implemented and utilized, could prove to be an 
invaluable tool for the execution of the Coast Guard's 


Merchant Marine Safety Functions. 


The estimated costs of the proposed system appear to de 
Meeltate and, except for the costs of the FTS linss, 


relatively constant over a rang? of operating conditions. 


The response of tne lines utilizing CRT's was estimated 
to be near real-time as desired and relatively constant over 
a mide ftange Gf Operating conditions. With the low 
utilization of these lines, there is little problem in 
Maintaining the desired response times as far as the 
communications network 1s concerned. POE y they telep=inver 
terminals, response times are greater than for CRT's, as 
expected, but user needs at low transaction volume locations 
are satisfied. Caution must be exercised at teleprinter 
locations to ensure that the number of transactions is kept 
low enough to keep utilization down. Some lines utilizing 
teleprinters are operating at 50 per ‘cent utilization and 
are more sensitive to variations in transaction size or 


mmereased numbers of transactions. 


Miveeadkea Eequiting Eurther research is that of computes 
access and service times. Several values for these tin2s 
Mewses USed tC get an indication of their effect on connect 
times of all lines and performance for all asynchronous 
terminals; however, if performance at the CDU deteriorates 


Significantly with varying transaction sizes, time in the 


0 





network could be much longer than the times which have heen 


determined. 


Finally, if the Baseline System is constructed and 
larger systems are developed from it ata later date, the 
additional transactions could have a degrading effect on 
communications network performance. Prior to expanding the 
baseline network, additional performance data should be 


obtained, using data from the Baseline Systen. : 


Mpenecotpletion Gf £urehner study of the computer part of 
the system, including queueing, access, and response times, 
and upon ccmpletion of a cost-effectiveness study of the 
system to ensure iste Wont h ne the Coast Guard, 


Lmplementation of the baseline system should be considered. 
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APPENDIX E 
PROGRAM FLOWCHARTS 


Ree CeO nn Gine= 1. 1O0)) 

Keer ee, (1 < 14100) 
GSO Cig A aN) 

EGO s cer (ia 1, 100) 
ECOSIMe emis 1, 100) 
COSLI i<-0., (i-1,100) 
NEQUIP;<—0, (i<-1,25) 


N, FIX 
TITLE 5 (i<-1,10) 


LDESIG;, CONTEN;, CHARMO;, 


DISTi, Va, Hi, Ki, 3(3<-1,10) 
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MILE (NO3, NOA3, Vi, 







Hy, Ly, DIST , DTOT, 
DIOLZaeN) 


TSITE (Ki,j, K1y, K2y, NEQUIP;, 






ECOST;, ECOSTM;, N, TCOST, 
TCOSTM, NDEVIC, K3;, CKTNIT) 


REQUEST FOR 
IE Nhs EGS: 







XLAM, XSIG, YLAM, 


YSIG, ZLAM, WLAM 


LINE (N, TCOSTM, COSLI;, CHARMO;, DLUSE;, 
ECOS (Manors, DiUolO, Kig, Kei. Li. 


Ki, 4. ECOST;, LINENOy, XLAM, YLAM, ZLAM, 


CKTNIT) 





DLO 2 Lote, TCOST, 







PROTO SHH Fame) OCU KS, 
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NO;, NOA;, LDESIG3, Li, 
LINENO;, DIST;, DLUSE;, 
ECOSTM;, ECOST;, COSLIj 





NO;, NOA3, LDESIG;, Li, 
LINENO;, DLUSE;, ECOSTM;, 


ECOST;, COSLI; 


NO;, NOA;, LDESIG;, Lj, 
LINENO;, DLUSE;, ECOSTM;, 
ECOST;, COSLI3; 


PERFOR (L;, LINENO;, CHARMO;, N, 





K1;, K2j;, CONTEN;, FIX, K3;, 
LDESIG;, XLAM, YLAM, ZLAM, WLAM, 


moLG, YSIG) STOP 
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MILE (NOq, NOAg, Vi, H3, 





DIST;, DTOT, DTOT2, N) 


DTOT<0.0 
DTOT2Z <—0.0 


RETURN ae DIST 3<— » 
DIST;+ -20.0 (222) 


Sr 
Ker 
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Z Z 
X<-(Vi-V3) + (Hy -Hj) 


DIST; < SQRT(X/10.) 
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TSITE (Ky 3, K1y, K23, NEQUIP;, ECOST;, ECOSTM;, 





Nec OommercOoim, NDEVIC, K3;, CKTNIT) 
TCOST< 0.0 
TCOSTM<-0.0 
NDEVIC 


REQUEST FOR 
CHP, 


Cm 
Q Kiet 









"LEASED 
EQUIPMENT * 


"PURCHASED 
Baar 


eG 
es MDEViC i<-1,NDEVIC 
ECST;, ECSTM; ECST;, ECSTM; 
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CKTNIT ECSTM(21) 


Fafa fa(s 





49> Sea 


NO 


2ualy 
ii<-1,NDEVIC 
> = 
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<n 
NEQUIR j<NEQUIR ;+1 


—_ 


ECOSTj¢ ECOST; +ECST; 3 









ECOSTM;< ECOSTM; +ECST; 3 
TCOST]= TCOST+ECSTS 3 





TCOSTM<— TCOSTM+ECSTM] 3 
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LINE (N, TCOSTM, COSLI{, CHARMO;, DLUSE;, ECOSTM:, 





DIST}, DLUSTO, K1i, K2i, Li, Ki, j, ECOSTy, LINENO;, 





XLAM, YLAM, ZLAM, WLAM, CKTNIT 









GSALM;< 0.0 






GSALL{<—0.0 






GSASE{<0.0 






GSASM;<-0.0 






SSSI Oe 







FTSCE <— 0.0 






FTSCM <0.0 
FTSCL <— 0.0 







Pione<— O26 






FTSNM=<— 0.0 
FTSNL <—0.0 










DDDE 





<— 0.0 






0) BSB eee ces O15. 8: 





3000 
i<-1,NLINE 
>. 
CTy 
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DLUSE; <— (1000*CHARMO; / ( (XLAM+ 





YLAM) * 3600) )* ( (XLAM+YLAM) /300 







+ WLAM + YLAM/ZLAM) 


E> 


DLUSE ;<—(1000*CHARMO ; /( (XLAM+ 





GSALL kK, GSASEKk, 






GSASMyy, GSASL EK 






YLAM) *3600) )* ( (XLAM+YLAM) /30 





+ WLAM + YLAM/ZLAM) 





NO 


CHARMO 4 = 0.0 


= DLUSE;<-0.0 
DLUSTO <DLUSTO+DLUSE4 


LLL© LINENO 4/10 
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= <E- COSLI4«— DIST; *CTp 1 


3222 
Kk 1,6 










GSALE,Y < GSALE,},+ECOST; 
GSALMKK & GSALM Ep t+ECOSTM3 
GSALLKk & GSALL_ EE +COSLI 5 


YES 


COSLI4<— DIST; *CTo2 







GSASEkk< GSASEK, +ECOST; 





GSASMkk —GSASM_kK +ECOSTM; 
GSASLe —GSASLy,+COSLT; 


ee 





COSLI j<—- DLUSE 5*CT 93 








FTSCE <- FTSCE+ECOST; 
FTSCM < FTSCM+ECOSTM ; 
FTSCL <— FTSCL+COSLI 3 





DDDE <—DDDE+ECOST ; 







DDDM<-DDDM+ECOSTM 4 EGE 
DDDL<-DDDL+COSLI ; j<1,10 
= 
<> Kr Sh} 
KFTS<i 
COSLI 1<-DLUSE{*CTOL 
FISNE <—FTSNE+ECOST; 







FTSNM<FTSNM+ECOSTM 3 


PTSNL<FTSNLICOSLI 3 


TCOSTM<—TCOSTM+COSUI i 


We 





ZLAM, WLAM, XSIG, YSIG) 


PERFOR (L;, LINENO;, CHARMO;,, N, K1l3, K2i, 


CONTEN;, FIX, K3;, LDESIG;, XLAM, YLAM, 





IXCHEK;<—0 










CHAR; <0.0 
X;<0.0 
T53;<0.0 
LINPER 3;<-0.0 
LINQUE ;<-0.0 


REQUEST FOR 
Ne Or 





(As 












LL<0 






QUEUE (TSux, KK, CHARKK, 





LINPER,y,, LINQUE,,, SIGMA, 
XLAM, YLAM, WKHRS, WLAM, 
ZLAM, XSIG, YSIG, NFDX) 






NNe-1,N 
> 


a 0 


oo ® © @ 


74 


IXCHEK;<— 44 





a | YD 


YES 


LINQUERE<K3nn é333 


NO 








Aad 
{1i<1,LL 


> <= 


BS)5) 
jj<ii, LL 
> 


IXCHEK j= 44 






CHAR Kk < CHAR ki+CHARMO 5 





LINPERk« LINENO ; 





TSkk<999. 







IXCHEK 5 44 





NO 
> : 
CHAR kk & CHAR yx tCHARMO 5 
LINPER ye ¢- LINENO jj 
LL2<-LL/2 








+X (11-1141) 
LINPER y,<-LINENO; 


KK, LINENO ; 






CHARMO ; 


Kia hiked 


IXCHEK3<— 44 


Ga 





QUEVE (TSkk, KK, CHAR, LINPERyE, 













LINQUEkk, SIGMA, XLAM, YLAM, WKHRS, 


WLAM, ZLAM, XSIG, YSIG, NFDX) 


RHO;<- 0.0 












EN; <- 0.0 
EW; <- 0.0 
EQ; <~ 0.0 
ETW; <- 0.0 


ETQ| <-0.0 


X< XLAM/300. 





Y<YLAM/300. 


W<(XLAM+YLAM) /30. + YLAM/ZLAM + WLAM 






Z €- (XLAM+YLAM) /300. + YLAM/ZLAM +WLAM 


Saa2 
ntwo<1,2 
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Sale 
i<-1,KK 
> = 
C<-CHAR; 
TTT <—W NO 
SIGMA<—SQRT ((XSIG 
YES 
#2 + YSTG**2)/ 
(30.**2) + (YSIG/ NO 
Z2LAM) **2) TTT <yY 
SIGMA —YSIG/300. 
TTT <—X 
SIGMA€ XSIG/300. 
TTT eH Xt+Y NO 





SIGMA SQRT (XSIG*#*2 






+ YSIG**2)/300. 





a 


Y 
















NO 
NO 
TOT Z 
SIGMAe SQRT((XSIG 
##2 + YSTG#*2) / 
300.**2 + (YSIG/ 
ZLAM) **2) 


C<eC/LINQUE; 


ENi=—1000.*C/( (XLAM+YLAM) *WKHRS* 3600. 
RHOi& EN *TTT 
EWL< (((ENL*SIGMA)**2) + RHO; **2)/(2* 


(1-RHOi )) 





SBR S ob Spamadel Oy 
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s 







ETW3;< EW; /EN; 
ETQ;€-ETW3+TTT 


i, LINPER;, C, TTT, 









EN;, RHOy, EW;, EQ;, 






ETQz 
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APPENDIX F 
VIITS COST AND PERFORMANCE PROGRAM LISTING 
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